and noradrenergic systems in nucleus accumbens [12] .
Introduction
Galanin is a neuropeptide which consists of 30 amino acids in human. It can be found in the central (CNS) and in the peripheral nervous system (PNS) [1] . Its precursor is preprogalanin which is encoded by the GAL gene, located on chromosome 11q13.3-q13.5 and expressed at low levels in about 5% of dorsal root ganglion (DRG) neurons [2] . There are three more proteins in the galanin family: galanin message-associated protein (GMAP), galanin-like peptide (GALP) and alarin and 3 receptors (GALR1, GALR2, and GALR3) [3] . Galanin shows inhibitory and hyperpolarizing effects and procures neuroprotectivity and neurogenesis [4, 5] . For example, it plays a trophic role in the DRG following peripheral nerve injury. Furthermore, a lot of data suggests that galanin plays incremental survival roles within neuronal subpopulations of the PNS and CNS [6, 7] .
Besides a possible connection to somatic disorders like epilepsy [8] , obesity [9] and cancer [10] , alterations in galanin expression are also thought to impact psychiatric diseases [11] . Zhao et al. discussed the role of the galanin system in modulating depression, anxiety and addiction-like behaviors after chronic restraint stress. They postulated that activating the galanin system, with corresponding changes to noradrenergic systems, following chronic stress may modulate stressassociated behaviors and opiate addiction. The messenger ribonucleic acid (mRNA) levels of galanin, GALR1, and tyrosine hydroxylase were enhanced following stress, suggesting activation of the galanin Page -02 ISSN: 2330 ISSN: -2178 impacting affective disorders [19, 20] . Moreover, it is considered that alterations in the activity of the HPA are important for understanding the underlying brain mechanisms of substance use disorders [21] . More precisely, changes in the release of the steroid hormone cortisol, which is produced in the adrenal cortex, have been associated with symptoms of substance dependence. Cortisol can interact with the brains reward system which may contribute to dependence causing substance's reinforcing effects. Also it can influence cognitive processes, promoting habit-based learning which can influence habit formation and risk of relapse [22, 23] .
In 2006, Holmes reviewed the evidence on a potential role for galanin in modulating stress-related neural pathways and behaviors and speculates on the therapeutic potential of targeting this galanin system for opiate addiction. e.g. galanin agonists have been shown to decrease behavioral signs of opiate withdrawal, which are thought to result from hyperactivation of brain stress pathways [24] .
Our research group could already show decreased galanin serum levels during acute alcohol withdrawal [25] . In line with a possible interplay between galanin expression and HPA activity, we found a significant negative association between the galanin serum levels and craving measured by the Obsessive Compulsive Drinking Scale (OCDS) in a sample of alcohol-dependent patients.
Summing up our research progress, we could identify neuropeptides like brain-derived neurotrophic factor (BDNF), nerve growth factor (NGF) and galanin as possible bio-markers for substance disorders [25] [26] [27] [28] [29] [30] .
A variety of substances are used for opioid-maintenance treatment. (Levo-)Methadone, buprenorphine, morphine and diacetylmorphine (DAM) produce favorable treatment retention and outcome in opioid-dependence. Thus, the aim of this study was to investigate a possible connection between the different clinical effects of both opioid maintenance therapies possibly mirrored by alterations in galanin serum levels. In particular, we aimed to find a correlation between galanin serum levels and opiate craving.
Material/Methods

Patients and design
The trial was approved by the ethics committees of the Medical School of Hannover and the University of Basel. Opioid-maintained patients, known to the study coordinators from their treatment, were asked for participating. They received written and oral information and gave their informed consent before inclusion. All patients who agreed got a financial compensation.
We examined serum galanin levels from two different samples. One sample was recruited in Hannover, Germany, the other in Basel, Switzerland. Both samples fulfilled the diagnosis of opioid dependence, present participation in a medically monitored drug compensational program (F11.22) according to the International Classification of Diseases and Related Health Problems (ICD-10, 10th Revision).
In the "Hannover Sample" psychometric data in form of the Heroin Craving Questionnaire (HCQ), State-Trait Inventory (STAI) and Beck Depression Inventory, 2nd edition (BDI-II) was collected between administration and blood extraction.
In the "Basel Sample" Heroin Craving Questionnaire and Symptom Checklist-27 (SCL-27) was collected. The psychometric data was collected before (T1) and after (T2) administration and blood extraction.
Participants of the control-group were recruited by notices on a local bulletin board in the region of Hannover. No psychometric data was collected. The group consisted of 51 participants (mean age: 38.62 years; SD: 16.29; male/female: 2/1) who did not suffer from any psychiatric disease or substance related disorder except smoking. The control-group was age-and gender-matched to the group of the "Sample Hannover".
Diagnostics
The Heroin Craving Questionnaire (HCQ) is a multidimensional, self-report 45 item-questionnaire designed to assess five theoretically distinct conceptualizations of craving in an adult population: "desire", "intention", "anticipation", "relief" and "lack". It measures opiate craving on a 7-point-Likert scale [31] .
The Symptom-Checklist (SCL-27) measures a collection of subjective impairments through physical and mental symptoms. There are six subscales: "depressive", "dysthymic", "vegetative", "agoraphobic", "sociophobic symptoms" and "symptoms of mistrust". The Items are rated on a 5-point-Likert scale, ranging from "not at all" to "extremely" [32] .
The State-Trait Anxiety Inventory (STAI) is based upon the discrimination between anxiety as a state (STAI I) and a trait (STAI II). There are two subscales with 20 items each, ranging from "not at all" to "very" [33] .
The Beck Depression Inventory, 2nd edition (BDI-II), is a 21-question multiple-choice self-report inventory, measuring the severity of depression, consisting of 21 items ranging 0 to 3 points [34] .
(1) The first sample was collected in Hannover, Germany There were two subgroups of opioid-maintained patients. One group included 55 opioid-maintained patients with levomethadone (polamidone), directly recruited from the drug scene. The other one consisted of 28 patients receiving intravenous or intramuscularly diamorphine recruited from the Diamorphine Prescription Centre of the Department of Psychiatry, Social Psychiatry and Psychotherapy of the Hannover Medical School. Blood samples were taken between 8:00 a.m and 10:00 a.m, approximately two hours after receiving the morning dose of levomethadone or diamorphine respectively.
(2) The second sample was collected in Basel, Switzerland There were twelve intravenous or intramuscularly diamorphinemaintained patients. Two received additional oral diamorphine and three received additional oral methadone. All were recruited from the Diamorphine Prescription Centre of the Psychiatric Hospital of the University of Basel. There were four blood extractions per patient: Two within the morning diamorphine administration and two within the vespertine diamorphine administration, in each case 5 min before and 5 min after administration. All participants in the Switzerland were all male.
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Quantification of biomarkers
After blood withdrawal samples were centrifuged immediately and aliquoted serum samples were stored at -80 °C until testing. Galanin was quantified in serum samples with a competitive enzyme linked immunosorbent assay (Cloud-Clone Corp., Houston, USA). According to the manufacturer's instructions 50 µl of undiluted serum samples were analyzed per well. The measurement range of the assay was from 12.35 to 1000 ng/l with a minimum detectable dose of 5 ng/l. The coefficients of variation (precision within an assay) were <10% and (precision between assays) <12%.
Statistical analysis
All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSSTM) for Windows 22.0 (SPSS Inc., Chicago, IL). Hypothesis of the normal distribution of the galanin serum levels was rejected by means of the KolmogorovSmirnov test. Therefore the galanin serum levels were ln-transformed in order to reach normal distribution. Afterwards, correlations were calculated by Pearson's correlation coefficient. In the "Sample Hannover" the differences in the galanin serum levels of the three groups (diamorphine-, levomethadone-and control-group) were compared applying the analysis of variance with bonferroni post hoc test. Group differences between controls and diamorphine maintained patients in the "Sample Basel" were calculated using independent samples t-tests. Alterations of galanin serum levels preand post-diamorphine treatment in the "Sample Basel" were assessed by the t-test for dependent samples.
In order to measure a possible association between trait anxiety and the galanin serum levels we calculated a cut-off-score according to Grant et al. [35] . Group to group differences in patients suffering from high versus patients not suffering from high trait anxiety were calculated using the independent samples t-test.
Associations between the psychometric dimensions of heroin craving and the galanin serum levels were obtained by Pearson´s correlation.
The statistical tests were performed applying a significance level of α<0.05.
Results
Demographic data (1) Association between galanin serum levels and dosage of opioid-maintenance treatment (a) Sample Basel
We found a significant association between the galanin serum levels and the dosage of diamorphine at T1 (r=0.799, p=0.02) and T2 (r=0.771, p=0.015).
There was no similar association regarding methadone-treatment and galanin serum levels.
(b) Sample Hannover
There was no significant association but a trend towards a significant association between diamorphine-treatment (r=0.365, p=0.056) and the galanin serum levels.
(2) Group to group differences (levomethadone vs. diamorphine vs. controls) (a) Sample Hannover
The galanin serum levels were significantly different in the three groups (F=71.07, p<0001). The galanin serum levels were significantly increased in the diamorphine-maintained patients compared to the levomethadone-maintained patients (MD=2.65, SD=0.48, p<0.001) (Figures 1 and 2) . The galanin serum levels of the levomethadone-group were significantly reduced compared to healthy controls (MD=-5.79, SD=0.48, p<0.001) as well as compared to the diamorphine-maintained patients (MD=-2.65, SD=0.48, p<0.001) (Figures 1 and 2 ).
There were no significant group to group differences regarding affective symptoms of opioid-dependence (measured by the BDI, STAI-I and STAI-II, data not shown).
(b) Sample Basel
The galanin serum levels were significantly decreased in the patients group compared to the control-group (T1: t=- 
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2.50, p=0.015, T2: t=-2.784, p=0.007, T3: n.s., T4: t=-2.444, p=0.018) (Figure 3 for details). There was no significant alteration between the galanin serum levels pre-and post diamorphine treatment neither in the morning nor in the afternoon (data not shown).
(3) Association between galanin serum levels and opiate craving and opiate withdrawal (a) Sample Hannover
There was neither a significant association between the galanin serum levels and the HCQ-score nor its subscales.
(b) Sample Basel
The galanin serum levels were significantly associated with craving for cocaine (r=-0.281, p=0.031) and methadone (r=-0.317, p=0.015) on a visual analogue scale.
There was a negative correlation between the total score of the HCQ and the serum levels of galanin after diamorphine application (t2) (r=-0.836, p=0.005). Furthermore, following diamorphine application in the morning (t2) there were also negative correlations between the galanin serum levels and the subscales of the HCQ: anticipation (r=-0,768 p=0.016), relief (r=-0.830, p=0.006) and lack of heroin (r=-0,668, p=0.049).
(4) Association between the galanin serum levels and anxiety (a) Sample Hannover
The galanin serum levels were significantly associated with trait anxiety measured by the STAI-II score in the group of the diamorphine-maintained patients (r=-0.473, p=0.013). No association between the STAI-II score and the galanin serum levels was observed in the levomethadone-maintained patients.
In the whole patients group (diamorphine-and levomethadonemaintained patients), the galanin serum levels were significantly associated with the BDI score (r=-0.393, p=0.002), the STAI-I score (r=-0.383, p=0.003) and the STAI-II score (r=-0.299, p=0.022) in those patients who suffer from high trait anxiety levels (49 patients, measured by a cut-off score >40 points in the STAI-II according to [35] ).
Moreover, the galanin serum levels were significantly higher in those patients who did not reach (9 patients compared to 49 patients) the cut-off-score according to Grant et al. (t=-0.264, p=0.011).
(b) Sample Basel
In the "Sample Basel" there was a positive correlation between the item "Being afraid in public places" at T3 (r=0.850, p=0.004) and "A lump in your throat" with T1(r=0.478, p=0.049) and T3 (r=0.759, p=0.018) of the SCL-27.
(5) Group to group differences of HCQ-Scores (levomethadone vs. diamorphine) (a) Sample Hannover
There was a tendency towards higher scores of the HCQ sum-score regarding in the levomethadone (MD=152.98, SD=65.10) compared with the diamorphine-maintained (MD=129.43, SD=51.62) patients. A significant group to group difference was found regarding the subscale intention to use heroin torwards levomethadone (t=-2.054, p=0.043).
Discussion
The aim of the present study was to investigate a possible association between the clinical effects of diamorphine and levomethadone in opioid-dependent patients and the serum expression of the neuropeptide galanin.
The major finding of the study was the significant difference of the serum levels of galanin in the diamorphine-maintained patients compared to the levomethadone-subgroup in the "Sample Hannover": The galanin serum levels were significantly decreased in both groups of opioid-maintained patients compared to the healthy control-group (see Figures 1 and 2) . We also found significantly increased galanin serum levels in the diamorphine-maintained patients compared with the levomethadone patients.
However there was no direct effect of diamorphine treatment on the galanin serum levels in the "Sample Basel". It could be that possible alterations in galanin serum expression due to opioid-maintenance treatment may be long term rather than acute. We observed a positive association between diamorphine dosages and the galanin serum expression which may point towards a possible substitution effect of diamorphine. Vice versa decreased galanin serum levels may be a possible biological marker mirroring the severity of opioiddependence regarding our results of a possible connection between trait and state anxiety and the galanin serum levels. Here, we found a negative association of the galanin serum levels and anxiety in both samples (measured in Hannover by the STAI-I and II and the item 18 of the SCL 27 ("a lump in the throat") in "Sample Basel") as well as a significant group to group difference regarding patients suffering from high anxiety versus patients not-suffering from trait anxiety. This result implies that galanin serum levels may mirror affective symptoms of opioid-dependence which in turn react to opioidmaintenance treatment. Consistent with such hypotheses, the galanin serum levels were significantly decreased in patients suffering from high trait anxiety compared to their healthy participants. Moreover, in line with a possible association between the severity of the affective syndrome of opioid-dependence and the galanin serum expression, we observed a negative correlation of galanin serum expression and craving for opiates, measured by the HCQ following diamorphine application in the "Sample Basel". More precise, we observed a negative correlation of galanin serum expression and the subscales "anticipation of heroin effects" (r=-0,768 p=0.016) and "relief" due to heroin application (r=-0.830, p=0.006).It could be hypothesized that a disturbance in the galanin expression due to opioid-dependence may reduce affective symptoms. Supporting such hypotheses, we found no dynamic in the galanin serum levels due to diamorphine application. However, there was no significant group difference regarding the BDI, STAI-I or the STAI-II scores between the diamorphine-and the levomethadone-maintained patients.
As mentioned before, there may be a connection to the HPAaxis: Opioid-dependent patients display high levels of craving and stress, organizing life around purchase and consumption of the drug [36] . In the early 90s, a polish research group speculated about a possible involvement of galanin in the modulation of the function of pituitary-adrenocortical axis under basal and stressful conditions [18] . Therefore galanin was injected s.c.in a rat model, which resulted in a marked rise in the blood levels of adrenocorticotropic hormone (ACTH), aldosterone and corticosterone.
Galanin may have a role in the process of stress adaptation in the noradrenergic system, as expression of preprogalanin mRNA in the locus coeruleus is increased in response to chronic social stress [37] .
Regarding the expression of galanin in the central amygdala, a brain region involved in stress-and anxiety-related behaviors, a connection between anxiety/stress and galanin-expression seems to be highly probable, although there are no supporting results from clinical and preclinical until today [38] .
Limitations
Although being of high validity, future studies should match sample sizes relatively to the small number of subjects and the parallel consumption of other drugs of the opioid-maintained patients. The consumption of street heroin, cocaine, cannabinoids (THC) and benzodiazepines within the last seven days was documented (see Tables 1 and 2 ).
The serum level of galanin may also be influenced by the dosage of the maintenance therapy which ranges in both samples. e.g. the mean dosage of diamorphine being twice as high in the German as in the Swiss sample (see Tables 1 and 2 ). Furthermore it may be correlated with the duration of the maintenance therapy which data wasn't available for all patients.
Also, we did not measure the activity of the HPA in form of stress hormones (ACTH, corticosteroids etc.) to confirm our hypothesis of a possible association between craving, galanin expression and HPA activity. Galanin is known to play an important role in appetite control [39] . So it might be a limitation that the participants were not on an empty stomach.
Conclusion
Summing up, we found a decrease of galanin serum levels in opioid-maintained patients (see Figure 1 ). Concretely we found significantly decreased galanin serum levels in opioid-dependent patients and a more pronounced decrease in the subgroup of levomethadone-maintained patients compared to the diamorphinesubgroup.
As galanin serum levels were significantly associated with opiate craving measured by the HCQ, the decrease of galanin serum levels found in the opioid-dependent patients may mirror a neurobiological mechanism of opiate craving. According to such hypotheses HCQscores were significantly increased in levomethadone-subgroup compared to the diamorphine-subgroup. In-line with such associations we also found a significant association between galanin serum levels and anxiety, which may be explained by a possible interaction between HPA activity and galanin expression as reported in preclinical studies [18] . Regarding the various limitations of our study, our results have to be confirmed by greater samples of opioiddependent patients.
